OBJECTIVES: Lower gastrointestinal (GI) bleeding is a well-known symptom of colorectal cancer (CRC). Whether incident GI bleeding is also a marker of other GI cancers remains unclear. METHODS: This nationwide cohort study examined the risk of various GI cancer types in patients with lower GI bleeding. We used Danish medical registries to identify all patients with a first-time hospital diagnosis of lower GI bleeding during 1995-2011 and followed them for 10 years to identify subsequent GI cancer diagnoses. We computed absolute risks of cancer, treating death as a competing risk, and calculated standardized incidence ratios (SIRs) by comparing observed cancer cases with expected cancer incidence rates in the general population. RESULTS: Among 58,593 patients with lower GI bleeding, we observed 2,806 GI cancers during complete 10-year follow-up. During the first year of follow-up, the absolute GI cancer risk was 3.6%, and the SIR of any GI cancer was 16.3 (95% confidence interval (CI): 15.6-17.0). Colorectal cancers accounted for the majority of diagnoses, but risks of all GI cancers were increased. During 1-5 years of follow-up, the SIR of any GI cancer declined to 1.36 (95% CI: 1.25-1.49), but risks remained increased for several GI cancers. Beyond 5 years of follow-up, the overall GI cancer risk was close to unity, with reduced risk of rectal cancer and increased risk of liver and pancreatic cancers. CONCLUSIONS: A hospital-based diagnosis of lower GI bleeding is a strong clinical marker of prevalent GI cancer, particularly CRC. It also predicts an increased risk of any GI cancer beyond 1 year of follow-up.
INTRODUCTION
Lower gastrointestinal (GI) bleeding, i.e., intestinal bleeding distal to the ligament of Treitz, is a well-known presenting symptom of colorectal cancer (CRC). 1, 2 The annual incidence of adult hospitalizations for lower GI bleeding is between 21 and 87 per 100,000 population, [3] [4] [5] [6] and cross-sectional studies have reported a prevalence of CRC cancer of 4-12% among persons with this symptom. [4] [5] [6] [7] Two cohort studies and one case-control study found greatly increased short-term risk of CRC after lower GI bleeding in primary care settings. [8] [9] [10] However, other GI cancers also may be associated with lower GI bleeding. 11 Invasive GI cancers either can bleed directly into the intestinal lumen or induce systemic alterations in the coagulation system, increasing the tendency to bleed. [12] [13] [14] [15] In addition, excessive alcohol use is a shared risk factor for bleeding and cancer. [16] [17] [18] GI cancers are predicted to represent an estimated 18% of all cancers in the USA in 2015. 19 Thus recognition of clinical markers of GI cancers is potentially of great importance.
To our knowledge, no previous cohort study has investigated the association between lower GI bleeding and subsequent short-and long-term risk of CRC or other GI cancers in a hospital-based setting. We therefore conducted a nationwide cohort study to examine if a first-time hospital-based diagnosis of lower GI bleeding is a marker of prevalent undiagnosed GI cancer and a predictor of elevated GI cancer risk after 41 year.
METHODS
Data sources and study population. In our cohort study, Danish national medical databases were linked during the 1977-2011 period.
All residents of Denmark have a unique civil registration number, 20 which allows linkage between the Danish National Patient Registry (DNPR) and the Danish Cancer Registry (DCR). The DNPR contains 99% of all inpatient discharge diagnoses from Danish hospitals since 1977 and from emergency room and hospital outpatient visits since 1995. DNPR data include dates of inpatient admission and discharge, dates of outpatient visits, surgical procedures performed, and up to 20 discharge diagnoses coded according to the International Classification of Diseases, Eighth Revision (ICD-8) until the end of 1993 and Tenth Revision (ICD-10) thereafter. Surgical procedures were coded according to a Danish classification system until 1995, and thereafter according to a Danish version of the NOMESCO Classification of Surgical Procedures. 21 At discharge one diagnosis is coded as primary (the condition that prompted the hospital contact) and the others as secondary.
The DNPR was used to identify all patients with a first-time hospital-based diagnosis of lower GI bleeding between 1995 and 2011 (See Supplementary Appendix online for diagnosis codes.) We included primary and secondary inpatient, outpatient, and emergency room diagnoses of lower GI bleeding (ICD-10 code K62.5-Hemorrhage of anus and rectum) as documented in the discharge record. Outpatient clinics in Denmark are hospital-based (analogous to outpatient departments). Of note, we did not consider patients with obvious signs of upper GI bleedings such as peptic ulcer bleeding or melena. We excluded patients with a diagnosis of lower GI bleeding before 1995 and patients with a diagnosis of inflammatory bowel disease previous to the lower GI bleeding diagnosis, in order to focus on incident bleeding cases.
We also obtained patients' medical histories from the DNPR, including all types of endoscopic examinations of the GI tract within 3 months prior to the bleeding, as well as hemorrhoids, adenomas, and chronic obstructive pulmonary disease diagnosed at any time before the diagnosis of lower GI bleeding. In addition, to address a priori elevated cancer risk, we obtained data on alcoholism-related disease, and on conditions included in the Charlson Comorbidity Index (CCI). These data allowed us to calculate comorbidity scores (low = CCI score of 0, medium = CCI score of 1-2, and high = CCI score of ≥ 3), and to identify chronic liver disease prior to the lower GI bleeding episode. Chronic liver disease was categorized in either mild, or moderate-severe according to the CCI (ICD codes are provided in the Supplementary Appendix).
Validation of discharge diagnoses of lower GI bleeding. To evaluate the validity of discharge diagnoses of lower GI bleeding (K62.5) in the DNPR, we reviewed 50 randomly selected records (using the SAS RANUNI function). Owing to limited access to electronic records, only patients diagnosed with lower GI bleeding at Department of Surgery, Aarhus University Hospital, Denmark, in the period 2004-2011 were eligible for inclusion. We considered bleeding per rectum as confirmed when it was described as indication for the outpatient visit, or when it was described in the medical record during the hospital admission. We noted the type of bleeding described in the record (fresh, melena, or other type). We calculated the positive predictive value of the discharge diagnosis code (K62.5) for bleeding per rectum overall, and for fresh bleeding per rectum specifically. The validation was performed by an experienced surgeon.
Cancer. We extracted information on cancer diagnoses from the DCR, which has recorded incident cancers in Denmark since 1943. The DCR classifies cancers according to ICD-10 and ICD-O, including information on cancer stage. 23 We linked all individuals who were identified from the DNPR with an episode of lower GI bleeding to the DCR. This allowed us to identify and exclude all patients with a cancer diagnosis (except for non-melanoma skin cancer) prior to the bleeding. We followed the patients for all types of GI cancer (specified in the Supplementary Appendix). Colon cancers were categorized into those proximal and distal to the splenic flexure, as they have been found to differ in regard to etiology, epidemiology, and symptoms on presentation. 24, 25 Statistical analysis. We followed each patient from the date of the first hospital contact for lower GI bleeding until the date of his/her first cancer diagnosis, death, emigration, or December 2011, whichever came first. We tabulated the covariates of interest (number and proportion) ( Table 1) , and computed median age at inclusion and follow-up time. We calculated the absolute risks (or cumulative incidence) of GI cancer in patients with lower GI bleeding during 1, 5, and 10 years of follow-up, considering death as a competing risk. To measure the relative risk of GI cancer among patients with lower GI bleeding compared with the risk in the general Danish population, we computed the observed/expected ratio or the standardized incidence ratio (SIR) of cancer. 26 The expected numbers of cancers were estimated based on national general population cancer rates by age, sex, and calendar year. We computed confidence intervals (CIs) for SIRs under the assumption that the observed number of cases in each category followed a Poisson distribution. Exact 95% CIs were used when the observed number was o10; otherwise Byar's approximation was applied. 27 The follow-up period was divided into three intervals: o1 year (cancers detected during this period were considered prevalent cancers), 1-o5 years, and 5+ years to a maximum of 10 years. We performed stratified analyses according to sex, age (categorized as ≤ 49, 50-69, and ≥ 70 years), place of diagnosis (inpatient, outpatient, and emergency room) and type of diagnosis (primary or secondary). Patients were also stratified according to CCI score, and presence of colorectal adenomas, or alcoholism-related disease diagnosed at any time prior to the hospital contact for lower GI bleeding.
RESULTS

Patient characteristics.
We identified a total of 58,593 patients with a first hospital contact for lower GI bleeding, of whom 49% were men. The median age at diagnosis was 60 years (interquartile range: 45-75 years), and median follow-up was 4.3 years (interquartile range: 1.5-8.2 years). The patients were diagnosed with GI bleeding during an inpatient hospital stay (44%), hospital outpatient clinic visit (48%), or emergency room visit (8.0%). Of the 28,096 patients diagnosed in an outpatient clinic, 2,053 (7.3%) were transferred directly to an inpatient department. Most patients had a low CCI score (64%), 27% had a medium score, and 8.8% had a high score. Among the patients, 6,573 (11%) had a previous diagnosis of colon or rectal adenomas, and 4,896 (8.4%) had recently (i.e., within 3 months) undergone an endoscopic examination. During the hospital contact for lower GI bleeding and within 6 months following the bleeding event, 46,811 patients (80%) underwent a lower endoscopy, including colonoscopy (44%), sigmoidoscopy (41%), and/or proctoscopy (17%) ( Table 1 ). For 52,576 (90%) patients, lower GI bleeding was coded as the primary diagnosis. We excluded 1,500 patients with a previous diagnosis of inflammatory bowel disease.
Validation of diagnoses of lower GI bleeding. Among the 50 sampled records of patients registered with a discharge diagnosis of lower GI bleeding, 82% were diagnosed during an outpatient clinic visit and 18% during hospital admission. We confirmed the diagnosis of bleeding per rectum in 48 of 50 patients, corresponding to a positive predictive value of 96% (95% CI: 86-100%). Among 43 of 50 patients the bleeding was described as fresh bleeding per rectum, equivalent to positive predictive value of 86% (95% CI: 73-94%). Importantly, none of the records described melena. Among the five remaining confirmed cases, one had occult bleeding, one had a mechanical injury causing fresh bleeding, and in three cases the bleeding type was not described in detail.
Overall risk of GI cancer. In total, we observed 2,806 GI cancers during complete follow-up of all study patients. The overall 10-year absolute risk of any GI cancer was 5.6% (Table 2) . This corresponded to a 3.9-fold increased cancer risk during follow-up (Table 3) . Men were at higher risk of cancer than women, and increasing age was associated with a greatly increased absolute risk of all GI cancers (Table 2) . In all follow-up periods, patients younger than 50 years had a substantially higher relative GI cancer risk than older patients (Table 3) . We found markedly increased absolute and relative risks of cancer among patients diagnosed with lower GI bleeding in the emergency room compared to hospital Including cancer of the esophagus, stomach, small intestines, anus, liver, gall bladder, and pancreas.
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inpatient and outpatient settings (Table 3 and Supplementary  Table 3 online) .
During the first year of follow-up, 2,098 patients (3.6%) were diagnosed with a GI cancer, corresponding to a SIR of 16.3 (95% CI: 15.6-17.0). Although all GI cancers occurred more frequently than expected during the first year of follow-up (Table 4) , colon and rectal cancers accounted for most (91%) of the diagnosed GI cancers (Table 2) . During the first year of follow-up, patients aged 0-49 years had an absolute risk of GI cancer of 0.4%, patients aged 50-69 years had an absolute risk of 4.0%, and patients aged 70 years or more had an absolute risk of 6.4% (Table 2) .
The overall relative cancer risk decreased markedly throughout the follow-up period; during years 1-5 of followup, the overall SIR was 1.36 (95% CI: 1.25-1.49) and beyond 5 years the SIR was 0.97 (95% CI: 0.84-1.10). Still, we found increased risks of all types of GI cancer other than rectal and gall bladder cancer during the 1-5 year follow-up period.
After 5 years of follow-up, the absolute risk of GI cancer was 0.6% in patients aged 0-49 years, 5.1% in patients aged 50-69 years, and 8.4% in patients aged 70 years or more ( Table 2) .
Risk of upper GI cancers. During the first year of follow-up, we found increased risks of all upper GI cancers including cancers of the esophagus (SIR = 1.67 (95% CI: 0.89-2.85)), stomach (SIR = 3.04 (95% CI: 2.09-4.27)), liver (SIR = 6.74 (95% CI: 4.74-9.29)), gall bladder (SIR = 3.09 (95% CI: 1.60-5.40)), and pancreas (SIR = 2.82 (95% CI: 2.07-3.75)). Risk of esophagus and liver cancer remained increased 1-5 years after the lower GI bleeding, whereas we found no or weak associations with stomach, gall bladder and pancreatic cancer (Table 4) . Beyond 5 years of follow-up, the risks of liver cancer (SIR = 1.64 (95% CI: 0.93-2.66)) and pancreatic cancer (SIR = 1.40 (95% CI: 1.01-1.89)) remained elevated (Table 4) , whereas stomach cancer risk (SIR = 0.62 (95% CI: 0.31-1.11)) was decreased. Lower GI bleeding was only weakly associated with an increased risk of esophagus and gall bladder cancer beyond 5 years of follow-up (Table 4) .
Risk of lower GI cancers. All individual lower GI cancers occurred more frequently than expected during the first year of follow-up, including cancer of the small intestine (SIR = 14.0 (95% CI: 8.44-21.9)), proximal colon (SIR = 14.5 (95% CI: 13.1-16.2)), distal colon (SIR = 25.9 (95% CI: 
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.0-27.9)), rectum (SIR = 30.4 (95% CI: 28.4-32.6)), and anal canal (SIR = 21.6 (95% CI: 15.1-29.9)). The 1-year absolute risks of distal colon cancer (1.2%) and rectal cancer (1.4%) were higher than for proximal colon cancer (0.6%). During 1-5 years of follow-up, the relative cancer risk remained increased for the small intestines (SIR = 3.90 (95% CI: 2.18-6.44)), proximal colon (SIR = 1.66 (95% CI: 1.37-2.00)), and anal canal (SIR = 1.67 (95% CI: 0.72-3.29)), whereas risk of distal colon and rectal cancer risk dropped markedly beyond 1 year of follow-up (Table 4 ). The relative risks of rectum cancer (SIR = 0.54 (95% CI: 0.35-0.80)) and distal colon cancer (SIR = 0.81 (95% CI: 0.56-1.12)) were lower than expected after 5 or more years of follow-up. For small intestinal, proximal colon, and anal cancers, we found only weak associations with lower GI bleeding beyond 5 years (Table 4) .
SIR analyses stratified by comorbidities. During the first year of follow-up, patients with low comorbidity had a higher relative risk of GI cancer (SIR = 18.8 (95% CI: 17.7-19.9)) than patients with medium (SIR = 14.2 (95% CI: 13.2-15.3)) or high comorbidity (SIR = 13.3 (95% CI: 11.6-15.2)) ( Table 3 ). In contrast, beyond 1 year of follow-up a higher level of comorbidity was associated with a higher relative GI cancer risk (Table 3) . We found an elevated risk of liver cancer 5+ years after the lower GI bleeding, primarily in patients with alcoholism-related disease (SIR = 16. Table 2 ).
DISCUSSION
We found that a hospital inpatient-or outpatient-based diagnosis of lower GI bleeding was associated with an increased risk of a subsequent GI cancer diagnosis. As expected, lower GI bleeding was a strong marker of prevalent CRC; however, during the first year of follow-up, the occurrence of any GI cancer was more frequent than in the general population. Although the increased risk of colon cancer persisted 1 year after the bleeding diagnosis, we observed no excess risk of rectal cancer beyond 1 year of follow-up, and even a reduced risk after 5 or more years. Of note, increased risks of all GI cancers other than rectal and gall bladder cancers persisted beyond 1 year of follow-up. However, only risks of liver and pancreatic cancers remained increased beyond 5 years of follow-up. CRC cancer risk after lower GI bleeding diagnosed in primary care settings has been examined previously. Three British studies (two cohort studies 8, 9 including~60,000 persons with rectal bleeding and one case-control study 10 including 5,477 CRC cases) compared CRC risk among persons presenting to their general practitioner with rectal bleeding to CRC risk in the general population. CRC risk was 470-fold increased during the first 6 months after the rectal bleeding episode, 8 and remained 16-fold increased after 1 year, 9 20-fold increased after 2 years, 10 and 17-fold increased after 3 years of follow-up. 8 We observed slightly higher relative risks of CRC during the first year after lower GI bleeding diagnosed in the hospital setting, compared with the studies restricted to primary care. 9 The different study populations in hospital settings and primary care settings could explain this disparity. Also, inclusion in our study of patients aged less than 40 years may have contributed to the higher overall relative risk of CRC.
No previous studies have provided disaggregated risk estimates of CRC more than 1 year beyond the bleeding episode. We found a stronger association between lower GI bleeding and distal CRC than for proximal CRC, consistent with The majority of liver cancers were hepatocellular carcinomas (n = 57, 66%), followed by unspecified liver cancer (n = 19, 22%), intrahepatic bile duct cancer (n = 8, 9%), sarcoma (n = 1, 1%), and other specified carcinomas of liver (n = 1, 1%).
e Including biliary tract.
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symptomatology and findings in previous studies. 25, 28 This finding may be explained in part by easier examination of the rectum and distal colon than the proximal colon, or by underreporting of bleeding from proximal tumors due to darker color and/or mixing with stool. The persistently increased proximal colon cancer risk throughout the follow-up period could be due to interval cancers or insufficient examination of the proximal colon in patients with lower GI bleeding. 29, 30 In contrast, removal of adenomas, or negative lower endoscopic findings most likely explain the decreased risk of distal colon and rectal cancer after 5 years of follow-up. [31] [32] [33] Our findings of increased risk of non-CRC GI cancers may have several explanations. First, an invasive GI tumor may bleed into the intestinal lumen.
11 Second, some cancers can increase the tendency to bleed by causing systemic alterations in the coagulation system (e.g., thrombocytopenia or decreased hepatic synthesis of coagulation factors). [12] [13] [14] [15] Finally, alcohol intake may both induce bleeding 16, 17 and increase the long-term risk of liver, pancreatic, esophageal, and CRCs. 18, 34, 35 Our study has several strengths. The Danish health care system provides free hospital treatment to all Danish residents, permitting the conduct of studies with nationwide coverage and complete follow-up, thus minimizing risks of referral and selection biases. Both the DNPR 22 and the DCR 23 are of high quality, as assessed by the validity and completeness of diagnoses and procedure codes. We found the ICD-10 code for lower GI bleeding in the DNPR to be highly predictive for fresh bleeding per rectum. Our study is the first to investigate long-term (up to 10 years) risk of all types of GI cancer following a hospital-based diagnosis of lower GI bleeding. Owing to the long follow-up period, we believe that we detected close to all patients with GI cancer in our cohort. Also, our study separately examined risks of proximal and distal CRC after lower GI bleeding.
Several potential study limitations also should be kept in mind when interpreting our results. Over the short term, heightened diagnostic effort potentially explains some of the associations. Our finding of an increased risk of all GI cancers during the first year following a GI bleeding episode is consistent with this explanation. However, the increased risk was remarkably persistent years after the bleeding episode, suggesting that diagnostic bias did not play a prominent role. Even in the short term, diagnostic bias seems unlikely, as the period of heightened cancer surveillance would be followed by a compensatory deficit. We did not see such a pattern except for rectal and gall bladder cancer.
Diagnosis of lower GI bleeding can sometimes be difficult, and the recorded diagnoses we relied on may not have been entirely accurate. In 10-15% of patients with hematochezia, the bleeding source is located above the ligament of Treitz (36) . However, diagnostic misclassification would tend to minimize the strength of the associations we recorded. Also, our study was limited by lack of some clinical detail. Patients with dark rectal bleeding and with bleeding combined with other GI symptoms are more likely to be referred from primary care to hospital care than patients with monosymptomatic fresh rectal bleeding (37) . We lacked information about the severity of the lower GI bleeding, additional GI symptoms, or about lifestyle factors related to bleeding tendency and cancer. Hence our study probably overrepresented patients with dark lower GI bleeding and patients with bleeding combined with other cancer-related symptoms (anemia, weight loss, change in bowel habits, and so on).
Our data did not allow us to make firm recommendations for treatment of patients presenting with lower GI bleeding in a hospital setting. The clinical implications of our findings are therefore not entirely clear. However, our study emphasizes the importance of considering prevalent GI cancers of all types in patients diagnosed with lower GI bleeding in the hospital inpatient or outpatient setting. Future studies are needed to elucidate the increased risk of almost all types of GI cancer beyond 1 year of follow-up, and the weakly increased risk of several types of GI cancer beyond 5 years.
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WHAT IS CURRENT KNOWLEDGE
✓ Lower gastrointestinal (GI) bleeding is common in patients with colorectal cancer (CRC) and may be the first indication of cancer. ✓ Cancer can induce systemic alterations in the coagulation system, increasing the tendency to bleed.
WHAT IS NEW HERE
✓ Lower GI bleeding diagnosed in a hospital setting predicts an increased risk of all GI cancers. ✓ The overall GI cancer risk is 3.6% during the first year after lower GI bleeding diagnosed in hospital settings, varying greatly by age and gender. ✓ We observed an excess rate of all GI cancers up to 5 years after diagnosis of lower GI bleeding compared with the expected rate.
✓ Increased 5+ year risks of liver and pancreatic cancer were associated with alcoholism-related disease and chronic liver disease.
